Spontaneous synovitis has been detected in the stifle joints of control Wistar rats in 4-wk and 2-yr toxicity studies, and a specific site was found to be predisposed to synovitis. The incidence of synovitis was 27.5% for males in the 4-wk study and 40.0% for males and 16.0% for females in the 2-yr study. The severity was not increased with aging. The degenerative changes, including chondroid metaplasia of the cruciate ligaments of the stifle and/or the surrounding connective tissue at the border of the cruciate ligaments of the stifle, were present even in younger animals, and moreover there was a good correlation between synovitis and chondroid metaplasia of the cruciate ligaments of the stifle and the surrounding connective tissue at the border of the cruciate ligaments of the stifle. Vascular changes, including the development of fibrincontaining thrombi, were observed in the surrounding connective tissue at the border of the cruciate ligaments of the stifle. It is speculated that the pathogenesis of the observed synovitis reflects joint instability that induces mechanical damage of the synovium.
INTRODUCTION
It is well known that the development of spontaneous synovitis in aged rats is not an infrequent occurrence. However, the literature is practically devoid of studies on spontaneous synovitis in aged, let alone young, laboratory rats. Since 1995, we have routinely examined the stifle joints in rat toxicity studies, and synovitis has been encountered not only in aged rats but also in younger rats used as controls. This communication describes the incidence and morphological characteristics of spontaneous synovitis in Wistar rats.
MATERIALS AND METHODS
One hundred forty Jc1:Wistar rats bred at CLEA Japan were examined in this study. Forty males were controls in a 4-wk toxicity study, and 50 males and 50 females were controls in a 2-yr toxicity study. The animals were 6 wk old at the initiation of the toxicity studies. They were housed in metal mesh-bottom cages in air-conditioned rooms and were given free access to tap water and a laboratory animal diet (CE-2, CLEA Japan). No clinical signs of any locomotive disturbance were observed in these animals. Rats were killed by bleeding from the posterior vena cava under ether anesthesia. At postmortem examination, the amputated stifle joints were skinned, fixed in 10% neutral-buffered formalin, decalcified in a 5% formic acid-sodium citrate formalin solution, sectioned sagittally along the medial plane, and embedded in paraffin wax. Ten sagittal step-serial sections from the lateral'containing'medial femoral condyle to the middle of the stifle joint were prepared and were stained with hematoxylin and eosin and with phosphotungstic acid hematoxylin (PTAH) for collagen fiber and fibrin. Both stifle joints were examined in the 2-yr study.
RESULTS AND DISCUSSION
Histopathologically, focal hyperplasia of the synovial lining cells with or without inflammatory changes was observed in more than half of the animals in each study (57.5% of the males in the 4-wk study and 70.0% of the males and 64.0% of the females in the 2-yr study; Table  I ). Synovitis, notably hyperplasia of the synovial lining cells, proliferation of the fibroblasts, infiltration of mononuclear cells or polymorphonuclear leukocytes in the synovium, and congestion of synovial vessels just beneath the synovial lining cells were observed in 11 males in the 4-wk study and 20 males and 8 females in the 2-yr study (Table 11 , Fig. la-d) . A fibrin exudation and a fibrin mass incorporated with the superficial synovial lining cells were seen in 1 male with synovitis in the 4-wk study and in 1 female with synovitis in the 2-yr study, respectively. The synovitis lesions were mainly focal, but 1 male in the 4-wk study and 2 males in the 2-yr study showed multifocal lesions. The affected site was fairly consistent among the affected animals: Areas of the synovium of the anterior portion of the meniscus and the femural site from the meniscus showed a predisposition for the lesion. Four males in the 4-wk study also showed inflammatory changes in the posterior site of the meniscus. The severity of synovitis was minimal in both studies, and no increase in severity was observed in the 2-yr study. The incidence of synovitis was 27.5% for males in the 4-wk study and 40.0% for males and 16.0% for females in the 2-yr study.
The deep surface of the cruciate ligaments forms part of the synovial membrane or blends with the surrounding connective tissue. In the surrounding connective tissue at the border of the cruciate ligaments of the stifle, various changes such as prominence of fibroblasts, enlargement of the endothelial cells in arteries, fibrous thickening of capillary walls, thrombus formation, necrosis, and chondroid metaplasia were observed in each study ( Fig. le-h) . The thrombi were confirmed to contain fibrin by staining blue with FTAH. The incidence of the vascular changes was 67.5% for males in the 4-wk study (Table III ). In the 2-yr study, the incidence of the vascular changes was obscured because the degenerative changes in the surrounding connective tissue were massive and the normal structure could not be observed in most of the animals. However, the vascular changes were obvious in 18 males and 11 females in the 2-yr study. Degenerative changes in the cruciate ligaments of the stifle (such as nuclear enlargement and grouping of fibrocytes, edematous distension of collagen fibers, or chondroid metaplasia) were observed in 34 males in the 4-wk study and in 46 males and 38 females in the 2-yr study. The incidence of chondroid metaplasia in the cruciate ligaments of the stifle andor the surrounding connective tissue at the border of the cruciate ligaments of the stifle was 50.0% in the 4-wk study and 90.0% for males and 94.0% for females in'the 2-yr study (Table IV) . Chondroid metaplasia in the surrounding connective tissue observed in the 2-yr study was more severe and more massive than that observed in the 4-wk study. All animals with synovitis showed chondroid metaplasia in the cruciate ligaments of the stifle and/or the surrounding connective tissue at the border of the cruciate ligaments of the stifle. Fragmentation of the altered surrounding connective tissue was observed in the 2-yr study.
Degenerative changes in the articular cartilage, notably irregularity in the contour of the articular surface and/or fibrillation of the surface of the cartilage matrix, were observed in each study. The incidence was 60.0% for males in the 4-wk study and 100% for males and 98.0% for females in the 2-yr study ( Table V) . The changes were minimal to mild in the 4-wk study and minimal to moderate in the 2-yr study. Fibroplasia in the synovium with minimal severity was found in 3 males in the 4-wk study, and 35 males and 14 females in the 2-yr study showed minimal to mild fibroplasia ( Table VI) . The location of fibroplasia was in close association with the site predisposed to synovitis.
In the 4-wk study, synovitis was noted in 7 of the 24 males that showed degenerative changes in the articular cartilage. However, there was no evidence that the degenerated articular cartilage injured the synovium mechanically in the area of synovitis. The remaining 4 animals with synovitis showed no changes in the articular cartilage. On the other hand, degenerative changes located at the site on the opposite leg corresponding to the site predisposed to synovitis were observed in 31 males and 16 females in the 2-yr study. Nineteen of 31 males and 6 of 16 females showed synovitis.
There were no discernible differences in the severity, location, or extent of synovitis in either study. However, fibroplasia could be considered to be like the lesions of spontaneously occurring synovitis, and fibroplasia was more prominent in the 2-yr study.
In previous toxicity studies, usually the articular cartilage was examined, and the background data for degenerative osteoarthritis (degenerative joint disease) in Fischer 344 rats (3, 7) and osteochondrosis in Sprague-Dawley rats (2) have been reported. Osteochondritic lesions in the medial femoral condyle were detectable from the ages of 10 and 12 wk in females and males, respectively, and the lesions developed due to body weight gain (2) . Disturbance' of the articular cartilage with age, weight-bearing on the articuli, and genetics were considered to be possible reasons for the development of degenerative joint disease (7). Degenerative joint disease and inflammation of the synovium have been reported in dogs (4), and these changes have been found to be associated with rupture of the cranial cruciate ligament of the stifle (1) . Degenerative changes in fibrocytes and chondroid metaplasia in the cranial cruciate ligament of the stifle have been reported in dogs, and a correlation between the changes in the ligament and rupture of the ligament of the stifle was suggested (5, 6) . In the present study rupture of the cruciate ligaments of the stifle was not observed; however, degenerative changes, including chondroid metaplasia in the cruciate ligaments of the stifle and/or the surrounding connective tissue at the border of the cruciate ligaments of the stifle, were observed in all cases of synovitis in the 4-wk and 2-yr studies. A high incidence of the combined occurrence of degenerative changes in the articular cartilage and synovitis was observed in males and females in the 2-yr study. However, it seems reasonable to assume that the degenerative changes in the articular cartilage were not directly involved in the pathogenesis of synovitis in this study because there was no convincing evidence that would indicate a relationship between the degenerative changes in the articular cartilage and synovitis in the 4-wk study. In chronic studies, degenerative joint disease is primarily associated with degenerative changes in the articular cartilage and cruciate ligaments of the stifle that develop during the course of joint aging. Therefore, synovitis has been thought to be related to degenerative joint disease in aged rats. The spontaneous synovitis observed in younger rats was closely associated with degenerative changes in the cruciate ligaments and the surrounding connective tissue at the border of the cruciate ligaments of the stifle, where the vascular changes with fibrin-containing thrombi were observed. Animals' rapid body weight gain and being housed in metal mesh-bottom cages may induce mechanical damage of the stifle. In such an environment, the development of the microcirculatory disturbance in the surrounding connective tissue at the border of the cruciate ligaments of the stifle may increase the degeneration of the cruciate ligaments. The resulting joint instability can induce mechanical damage of the synovium that is responsible for synovitis and may lead to degenerative joint disease even in younger rats. These findings should be considered when synovitis is observed in toxicity studies in rats.
